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ABSTRACT

A common procedure for obtaining multiple readings (ratings)
for a constructed response item, especially in high-stakes tests, is to have
two readers read the papers independently, with a third reading if the
results differ by more than one point. This necessitates a scoring rule that
specifies how the ratings will be aggregated into a single item score. Two
plausible scoring rules involve averaging the readings and rounding either to
the nearest half point or the nearest integer, but it is not known which
results in a greater precision of measurement. This study investigated the
precision and accuracy of ability estimates obtained under the two scoring
rules for mixed format tests calibrated under an item response theory model.
Eleventh-grade reading, mathematics, and science test results and a
fifth-grade mathematics test result were analyzed, with more than 1,200
students available for each form. There was little substantive difference in
score information or the standard errors of ability estimates due to the type
of rounding (integer versus half point), above the floors of three of the
four tests, but in the fourth (l11th grade reading) there was less error in
the integer-rounded ability estimates at the lower portion of the scale.
Integer-rounded estimates generally produce slightly larger predicted percent
of maximum (test) scores, though not throughout the entire ability range of
all the four tests studied. The expected larger positive differences or
rounding bias for number correct estimates were observed. Within-subject
differences between scale score estimates derived using integer versus
half-point scores were generally small for both pattern and number correct
ability estimates. The lack of substantive improvement in measurement
precision that could be attributed to half-point rounding, coupled with the
documented instance of increased error induced by that type of rounding in a
portion of the ability range of students taking one test, would seem to argue
for rounding average ratings to the nearest integer. Rounding up gives the
preponderance of students the benefit of the doubt concerning the
acceptability of their responses. (Contains two tables, four figures, and
eight references.) (SLD)
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INTRODUCTION

A common procedure for obtaining multiple readings (ratings)
for a constructed response (c.r.) item, particularly those c.r.
items in tests used to make high-stakes decisions, is to have two
readers independently read the papers with a third independent
reading acquired if the ratings differ by more than one point.

The presence of two or three readings of a response to a c.r. item
necessitates a scoring rule that specifies how the ratings
(readings) will be aggregated into a single item score.

Two plausible scoring rules involve averaging the two (or
three) item ratings and rounding either to the nearest half point
or to the nearest integer. Both rules are compatible with tests
containing multiple item types (mixed-format tests incorporating
multiple choice {m.c.}and c.r. items) that are scaled using a
generalized IRT model incorporating a three-parameter logistic
model (3pl) for the m.c. items and a two-parameter partial credit
model (2ppc) for the c.r. items. This 3pl/2ppc type of
generalized IRT model has been shown to better fit items in mixed-
format tests (Fitzpatrick, Link, Yen, Burket, Ito & Sykes, 1996).

It is not known whether increasing the number of levels by
rounding to the nearest half point results in greater precision of
measurement than rounding to the nearest integer. Half point item
scores would reflect rater disagreement. A potential drawback to
rounding to the nearest integer is that for the majority of a
student’s responses to the c.r. items only two readings will be

necessary. A one point disagreement would always result in an



average item score that is rounded up, introducing varying degrees
of positive “rounding” bias into the total raw scores.

The precision or reliability of “half-point round” versus
“integer-round” c.r. item scores on ability estimates can be
assessed by the evaluation of information functions for the
composite test scores to which they contribute. The reciprocal of
the information function for a composite score at a particular
ability level is the standard error of ability estimate (s.e.).

If the use of half score points increases measurement precision
(reduces error), test scores utilizing them should demonstrate
lower s.e.s across at least portions of the ability range.

Differences in information may result from differences in how
ability estimates weight component item scores. The weighting by
item discrimination associated with pattern scoring, which
utilizes the examinee’s pattern of responses to the items, allows
an item’s contribution to an ability estimate to vary relative to
the degree to which item scores are associated with ability.
Conversely number-correct scoring, by considering one item point
or level to be as good as any other, requires that each point
contribute equally to the total score and derived ability
estimate.

The degree of rounding bias that is incurred by rounding the
average readings for a c.r. item to the nearest integer may be
evaluated by comparing the test characteristic curves (tccs) for
ability estimates derived using half-point-rounded scores with

tccs obtained using integer-rounded scores. When the tccs are



obtained by scoring a single sample both ways, differences in the
expected number correct or predicted percentage of maximum score
(predicted pm) for integer-rounded c.r scores relative to the
prediction of the tcc for half-point-rounded scores reflects the
bias or inaccuracy due to type of rounding.

The purpose of this research was to investigate the precision
and accuracy of ability estimates obtained under the two scoring
rules for mixed-format tests calibrated with a 3pl/2ppc IRT
generalized model. Test information and tccs obtained through the
application of the two scoring rules were compared for each of two
types of ability estimates: pattern and number-correct scores.
Additionally within-subject differences in examinees’ scaled
scores were evaluated for signs that subsets of examinees may be
substantively advantaged or disadvantaged by the manner of
rounding employed.

METHOD

Source Data

Mixed-format pilot (operational forms undergoing a final pre-
operational administration) eleventh grade Reading, Math, and
Science forms and a single tryout fifth grade Math form were
available from two testing programs. The number of scored items
of each type and the range in the number of levels (including 0)

of the c.r. items are summarized below:
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Range in Number of Levels
of C.R. Items

Content Multiple Constructed Half-Point- Integer-
Area Grade Choice Response Rounded Rounded
Reading 11 35 1 (7 - 7) (4 - 4)
Math 11 40 6 (5 - 11) (3 - 6)
Science 11 42 8 (5 - 7) (3 - 4)
Math 5 49* 11 (5 - 9) (3 - 5)

Eighteen of the 49 items denoted as multiple choice for the
Math/Grade 5 test were actually gridded response items. Although
similar to the 11 three to five level c.r items in their being
scaled with a partial credit model, they are not considered c.r.
items for the purpose of this study because their scores do not
involve ratings or their averaging. More than 1200 students were
available for each form.

Rating Process

Each c.r. item in the four tests was scored by at least two
readers. If the readers’ scores differed by more than one point,
a third rating was obtained. Half-point-rounded scores were
obtained by averaging the two or three ratings for an item and
rounding to the nearest half point. Integer-rounded c.r. item
scores resulted from rounding the average rating to the nearest
integer.

The implemented rating process resulted in the production of
four meaningful kinds of averages. An average score equal to an
integer could occur with either two or three readings. A second
kind of average consisted of a score with a remainder of *2 when
two readers disagreed by a single point. The final two kinds or
types of averages occurred when the average of three readings had
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a remainder of 1/3 or 2/3.

Averages with a remainder of %* or 2/3 would be rounded up to
the next integer with integer-rounding (e.g. 2.5 or 2.67 to 3.0).
An average with a remainder of 1/3 would be reduced to the lower
integer with this type of rounding. Average scores with any of
the three possible remainders would be rounded to the half point
with half-point rounding.

Readers for both testing programs were trained to implement
séoring‘rubrics; anchor papers, check sets, and read behinds were
. employed to verify and maintain scoring accuracy. Inter-rater
reliability studies that incorporated second reads for a large
sample of students taking each test indicated that the percentage
of exact agreement on the 15 c.r. items in the three eleventh-
grade tests ranged from 68% to 93%. Minimum and maximum exact
agreement rates of 51% and 97% were obtained in a similar manner
for the 11 c.r. items in the fifth grade Math test. Approximate
agreement (within one point) ranged between 89% and 100% across
the c.r. items in all four tests.

Scaligg Process

Multiple-choice and open-ended items were scaled together
twice using the generalized IRT model. With the generalized
model a three-parameter logistic model (Lord, 1980) was used for

the multiple-choice items:

l1-c;
1+exp[-174,(6 - B,))]’

P =P(X,=18)=c, +



where A; is the discrimination, B; is the difficulty, and c¢; is
the lower asymptote or guessing parameter for item 1i.

A generalization of Master's (1982) Partial Credit model was
used for the c.r. items. This 2PPC model is the same as Muraki's

(1992) "generalized partial credit model." For a c.r. item with

m; score levels assigned integer scores that ranged from

0 to m; - 1:
JJ,k(e)=P(X,=k-1|9)=:x—l’(y”L, k=1...m, (2)
ZeXP(y,j)
=

where
k-1
Yik = ai(k"l)g_zy,j ’
=0

and 7,=0. @, is the item discrimination. y,is related to the
difficulty of the item levels: the trace lines for adjacent score

levels intersect at y,/a; .

Parameter Estimation and Model Predictions of Performance

Item parameter and € estimation was conducted using the
program PARDUX (Burket, 1991; 1995). Item parameters were
estimated using marginal maximum- likelihood procedures
implemented with an EM aigorithm. Evaluations of the accuracy of
the program with simulated data (Fitzpatrick, 1994) have found it

to be at least as accurate as MULTILOG (Thissen, 1986). The

ability scale was defined by specifying a prior true 6

distribution to have a mean of 0.0 and standard deviation of 1.0.



Maximum likelihood ability estimates were obtained. For
reporting purposes, the ability estimates obtained for each test
were linearly transformed to a scale score metric by multiplying
by 50 and adding 500. The pattern, though not the number correct
scale scores, that resulted were expressed to the half point.

Fit

Model fit was evaluated with a generalization of the Yen
(1981) Q,statistic comparing observed and predicted trace lines
(Fitzpatrick, et al., 1996). The Fit z is a standardization of
the Q; statistic that facilitates comparisons of items with

varying numbers of score levels

, _0-d
o1 JET? )

The power of z increases with sample size, so for flagging

(3)

purposes the statistic is typically compared to critical values
that increase with the size of samples. For samples of the size
used in this study a value of 4.0 was used to flag items for
misfit.

Observed and predicted trace lines were also compared
graphically. Because of the difficulty of interpreting multiple
trace lines plots for multi-level items, observed item
performance was compared against predicted performance using the
item characteristic function:

n;

E(X,|0) =2 (k-1)P,(0). (4)



Predictions of test performance were made through test
characteristic functions obtained by summing item characteristic

functions:

nitem M

=1y, Y(k-DP O]/ 7, ,

i=1 k=1

E(X, /In,,.

where X, is the test score and n is the maximum number of

! mxsc

points in the test. After multiplication by 100 a predicted
percentage of maximum test score was obtained.
Information

Results were evaluated with respect to test score
information. The pattern scores produced using the 3PL/2PPC
model utilizes optimal scoring weights, w,, which maximize test
information. For the 3PL items, these weights are defined by
Lord (1980, Section 4.13), and for the 2PPC items the optimal
weights are @ . When the optimal weights are used, the test
score information is the sum of item information functions,

defined as:

n; P' 0 2
10.x) = X5 0L (5)

where P;(0) is the derivative of P (f) with respect to 6. Test

score information is subsequently:

n n; Pl: 0 2
10.2wX) =2, Z[—P% (6)

It is also possible to base the ability estimate on an

unweighted sum of item scores.[In fact it is possible to base the
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trait estimate on any arbitrary set of item weights.]

the logic of Lord (1980, Equation 5-3),

unweighted raw score is

i=l k=

the

n m; 2
[ Z(k—l)P,-;(e)]

=

16,2, X,)==—;
" o’ (X,/6)

i=1

For a given model,

Following

information of the

the information in the unweighted raw score is

less than or equal to the information of the optimally weighted

score.

Evaluation of Score Precision and Bias Due to Rounding

The error associated with integer-rounded scores was

evaluated through comparisons of model predictions,

test score information/standard errors of
predicted pm’s, as well as comparisons of
obtained from a single sample of students

tests. Consequently student responses to

specifically
ability estimates and
ability estimates
taking each of the four

the items of a test

differed across the type of rounding condition only in the manner

in which ratings for the c.r.

other items were identical).

items were rounded

The two types of rounded c.r.

(responses to all

item

scores were each utilized in the estimation of a pattern and

number-correct test score,
of c.r. item score

estimate

11

(half-point versus integer)

resulting in four combinations of type

and ability

(pattern score versus number-correct).



RESULTS

Raw Score Statistics

Descriptive statistics for the four tests are presented in
Table 1. The three grade 11 tests were moderately difficult, with
means expressed as observed percent of maximum scores ranging
between 50% and 57%. The Math/Grade 5 test was more difficult,
with students, on average, obtaining 35% of the total 75 points
when either integer-rounded or half-point-rounded c.r. scores were
used.

The mean of the total scores containing the integer-rounded
c.r. item scores was, as expeéted, higher than the mean total
score containing half-point c.r. item scores for each of the four
tests. The increase ranged between .13 (21.73 - 21.60) for the
Reading/Grade 11 test with its single c.r. item to .79 for the
Science/Grade 11 test with its eight c.r. items. The difference
in total scores is attributed solely to the differences in c.r.
scores induced by the type of rounding (e.g. the difference of .13
between the mean integer-rounded c.r. score and the mean half-
point-rounded c.r. score {.79 versus .66, respectively}).

Scalingggesults

All items in each of the four forms were calibrated twice
with the 3pl/2ppc model, once using half-point-rounded c.r. item
scores (and student responses to all other items) and the other
time with integer-rounded scores.

The largest number of misfitting items within the eight item

calibrations (two types of rounding times four tests) was six for
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the half-point-rounded Math/Grade 5 calibration (average z=6.53),
followed by five for the integer-rounded estimates for the same
tryout form (average z = 6.37). The largest absolute difference
between a predicted and observed p-value for these 11 misfitting
sets of item parameter estimates was .006.

Two of the remaining.six item calibrations (integer-rounded
item parameter -estimates for Math/Grade 11 and half-point-rounded
estimates for Reading/Grade 11) had two misfitting items each
and the other four had only a single misfitting item. The
largest absolute deviation between observed and predicted p-
values for the misfitting items in these six calibrations was
.01.

No c.r. item, when calibrated with integer-rounded or half-
point-rounded c.r. scores, misfit.

Information

Figures 1 through 4 contain plots of the score information
functions of the four combinations of ability estimate by type of
rounded c.r. item score for Reading/Grade 11, Science/Grade 11,
Math/Grade 11, and Math/Grade 5, respectively. Presented below
the plots of information are the reciprocal values of the four
score information functions, the standard error of ability
estimates for scale score intervals of 25 points between 300 and
700, inclusive. A frequency distribution of the number correct, or
unweighted half-point-round ability estimates, permits an
assessment of relatively how many examinees falls at each of the

scale score values.
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Pattern Ability Estimates

All four score information plots reveal that pattern
estimates provide the most information(and least error),
regardless of type of rounding. This is expected, due to the
.greater efficiency of pattern scoring. The plots of score
information for the pattern scores are very nearly coincident for
all four tests. An evaluation of the tabled s.e.’s indicates
that, with the exception of the lower portion of the scale score
range for ‘Reading/Grade 11 (up through 425), the difference
between the s.e.’s for integer vs half-point pattern ability
estimates is no more than five points, and very frequently no more
than two points. Hence, there appears to be no substantive
difference in the precision of the two types of scores through
most of the score ranges for the four tests.

The lower portion of the scale score range for Reading/Grade
11 demonstrates markedly smaller s.e.’s for the integer-rounded
pattern scale scores relative to the half-point-rounded scores,
however. At the floor for this test, a scale score of 300, the
integer-rounded s.e. is 69 points less than that for the half-
point s.e. (132 versus 201) and remains 14 points less at a scale
score of 400. The 69 point difference at the floor is larger than
one integer-rounded or half-point-rounded pattern score standard
deviation (approximately 64 scale score points - Table 2). The
greater precision of the integer-rounded pattern ability estimates
implies that half point scores actually degrade the precision of

measurement in this subrange.
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Number Correct Ability Estimates

An evaluation of the information provided by integer-rounded
versus half-point-rounded ability estimates indicates that when
the two score information functions appear to differ, i.e. greater
information for integer scores in the middle of the range for
Math/Grade 11 and Math/Grade 5, differences in s.e.’s are not
great. Differences in s.e.’s between 425 and 625 for Math/Grade
11 and between 450 and 600 for Math/Grade 5 are most frequently
only one or two scale score points.

Nonnegligible differences in the precision of integer-rounded
versus half—point—rounded number correct (# correct) ability
estimates are limited to the lower part of the ability range.
Integer-rounded number correct ability estimates, like their
pattern counterparts, have substantially less error than half-
point number correct ability estimates for this particular
subrange of the Reading/Grade 11 test. At the floor the integer-
rounded s.e. is smaller than the half-point-rounded s.e. by 124
points (212 versus 336; almost twice the approximately 64 point
half-point and integer-rounded number correct standard deviations
- Table 3) and is still seven points less at 425.

Half-point-rounded number correct estimates have marginally
less error than integer-rounded estimates in the lower subranges
for Science/Grade 11 and Math/Grade 5. The half-point s.e. of 112
at 300 is 17 points less than the integer-rounded s.e. of 129 for
the Science test. The difference is reduced to three points by

375, however. A difference of 12 scale score points at the floor
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of the Math/Grade 5 test (116 for half-point versus 128 for
integer) has similarly been reduced to three points at 375.

Predicted Percentage of Maximum Score

Pattern Ability Estimates

The predicted pm’s are provided at the selected scale score
points for the four combinations of composite scores in Figures 1
through 4. Integer-rounded pm’s tend to be slightly larger than
half-point-rounded pm’s, with most of the differences less than
the 2.2 percentage point difference found at 500 to 525 for
Science/Grade 11. Predicted pm’s are actually slightly smaller
(largest difference of .2) for integer-rounded ability estimates
in the lower 300 to 375 subrange for Math/Grade 11 (e.g. 18.3 for
integer-rounded c.r. scores at 325 versus 18.5 for half-point-
rounded c.r. scores). The latter exception demonstrates that the
effect of rounding to an integer does not necessitate a positive
bias on test scores throughout the scale score range.

Number Correct Ability Estimates

Differences between predicted integer versus half-point-
rounded c.r. scores are larger, though again differences are not
invariably in favor of the integer scores. The largest bias is
7.8 percentage points found at 500 scale score points for
Math/Grade 11. BAbove 600 to the ceiling of 700 for the Math/Grade
5 test integer-rounded predicted pm’s are .2 to .3 smaller than

half-point-rounded predicted pms’s (e.g. 90.9 versus 91.1 at 675).
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Comparisons of Ability Estimates within Examinees

Differences in scale score ability estimates produced for
each examinee by integer versus half-point rounding were evaluated
at each possible half point difference between the total raw c.r.
scores (integer minus half-point). The range of possible
differences in the total c.r. scores produced through integer-
rounding and half-point rounding could vary between -.5 and +.5
times the number of c.r. items (including the null or zero
difference). Not all possible differences were observed for each
test. Differences for each type of ability estimate were
evaluated.

Pattern Ability Estimates

Table 2 contains mean pattern scale score differences for
various differences in total c.r scores. For the Reading/Grade 11
test, only two out of the three possible differences that could
occur with a test containing a single c.r. item actually occurred:
0 and +5. The overall or sample mean difference at the bottom of
the mean difference column was .05 (s.d. = 1.70). The mean
difference between scale score estimates based on the two types of
rounding (again integer minus half-point) for the 336 examinees
who attained a +.5 difference in the total c.r. scores was 1.78
with the largest difference being 25 and the smallest difference
being -.5 scale score points. These differences can be evaluated
relative to the mean half-point pattern standard error for these

336 examinees: 20.32.
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The other three tests have a larger number of differences
between the total c.r. raw scores, as expected given the six to 11
c.r. items in these tests. The distributions of accumulated half
point differences varies over the three tests, with the
Science/Grade 11 test most asymmetric in having seven positive
differences (every half point from .5 to 3.5) versus only -two
negative differences (-.5 and -1.0). The two Math tests are
similar in having more approximately equal numbers of positive and
negative differences, with the Grade 11 test having a wider range
of differences (all possible half point differences for the six
c.r. item test).

Distributions for all four tests exhibit a large number of
zero differences in the total c.r. scores. The preponderance of
differences are positive which is expected given the frequent
rounding up, from a half point score to an integer, of an average
score obtained when two readers differed by a point. The
percentages of the four total samples that demonstrate negative
total c.r. differences (i.e those students having at least one
more average c.r. item score that is larger when rounded to the
half point than when rounded to the integer) ranges from a low of
0% for Reading/Grade 11 to a maximum of 13% for Math/Grade 5 (11%
for -.5 plus 2% for a -1.0 total c.r. difference).

Similar to the Reading/Grade 11 test, the overall mean
differences for the other three forms were small, ranging between
-.24 for Science/Grade 11 through .82 for Math/Grade 5. Mean

scale score differences at each difference in the total c.r.
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scores are not large but generally increase (decrease) with
increases (decreases) in the difference in total c.r scores (e.g.
from 2.20 to 6.17 as the difference in total c.r. score increases
from .5 to 2.0 for Math/Grade 5).

Minimum or maximum within-examinee differences in scale score
pattern estimates can be as large (in absolute value) as 35.5 at a
total c.r. difference of 1.5 for Science/Grade 11. This value is
more than one half of a pattern half-point (ph)or integer standard
deviation (61.06 versus 61.11) and more than twice the mean ph
standard error at that total c.r difference (16.10).

Number Correct Ability Estimates

Within-subject differences in number correct estimates in
Table 3 are larger than the differences in pattern estimates but
again, not large on average. Sample mean differences range
between -.35 for Science/Grade 11 and 1.30 for Math/Grade 5. The
largest maximum or minimum difference in number correct scale
scores is -59 at a total c.r. score difference of -1.0 for

Math/Grade 11.

DISCUSSION

The lack of a substantive improvement in measurement
precision that could be attributed to half-point rounding, coupled
with the documented instance of increased error induced by that
type of rounding in a portion of the ability range of students
taking one test (Reading/Grade 11), would seem to argue for

rounding average c.r. ratings to the nearest integer. It can not
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be assumed that half point c.r. scores will always meaningfully
discriminate examinees on the ability being assessed.

Rounding up to the nearest integer gives a preponderance of
students the “benefit of the doubt” concerning the acceptability
of their response. That is, those students obtaining two readings
that differ by a point, consequently receiving a half point
average score (e.g. 1.5 or 2.5), are awarded the greater integer
score. Those students that require a third reading of their
respdnse and obtain an average with a remainder of 2/3's (e.qg.
three readers specifying a 0, 2 and 3 that averages 1.67) will
obtain the closest integer to their unrounded score.

Finally, the use of integer-rounded as opposed to half-point-
rounded c.r. scores has the important advantage of ensuring that
final c.r. scores can be interpreted relative to specified levels
of the item rubrics. A meaning of a half-point c.r. score, even
if it served to discriminate examinees on the trait, would have to
be “interpolated” between the rubric levels.

A decision to round average scores to the nearest integer
would, however, result in a relatively small percentage of the
examinee population (under 15%, given tests similar in the
relative proportion of c.r. items to those studied) obtaining a
scale score that was, on average, slightly reduced relative to
what would be obtained if rounding to the half point occurred.

The largest average mean scale score reduction for a group of
students that would score lower with integer-rounded c.r. scores

(those having negative differences in the total c.r. scores) was
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~-9.93 for pattern ability estimates and -13.43 for number correct
estimates, although individual decreases as large as -30.0 and
-59 scale score points were noted for these two types of
estimates, respectively.

These latter two differences, while large relative to the
sample scale score standard deviations, are not substantially
larger than their standard errors. Only one student (taking the
Math/Grade 5 test) across all four test samples that had a
negative total c.r. difference also had a difference in pattern
scale score estimates that exceeded one (half-point-rounded) s.e..
A maximum of eight students in one test sample (Math/Grade 11) had
a difference in number correct scale scores that was in excess of
one (half-point) number-correct s.e. with five in Math/Grade 5 and
two in Science/Grade 11 also having differences larger than a
standard error.

In terms of raw score points examinees doing worse under
integer-rounded scoring lose 1/3 of a raw score point for every
~.5 difference in total c.r. scores. This occurs when they have
an average rating for a c.r. item with a 1/3 remainder that gets
rounded down to the lower integer instead of to the closer half
point. Consequently the single student who attained a -3.0
difference in total c.r. scores for Math/Grade 11 gives up the
most in raw score points by rounding to integers (1/3 times six
half points or 2 raw score points), though this student’s
difference in pattern scale scores is a relatively small 12 scale

score points.
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It should be noted that a policy of rounding to half score
points instead of integers results in reductions, albeit smaller
in magnitude, in raw score points for some examinees. These
students are those that obtained an average score with a 2/3’s
remainder and lose the difference of approximately .17 between
2/3’s and ¥ that accompanies half-point rounding.

The number of students incurring a reduction in raw score due
to either integer-rounding or half-point-rounding (or the
magnitude of the reductions) can not be determined from Tables 2
and 3. A half-point difference between an average item score
rounded to an integer could have been compensated for by a half
point loss due to the other type of rounding (excluding those
examinees who obtained the maximum or minimum possible difference
in total c.r. scores). If the probability the rating process
produced an average score with a remainder of 1/3 was the same as
that of producing an average score with remainder of 2/3’s there
would be as many instances of losses due to half-point as integer-
rounding. Hence the magnitude of the raw score reduction, summed
over examinees, for half-point rounding would be twice that for
integer-rounding (approximately .33 times the number of students
impacted versus approximately .17 times a putative equal number of
students) Unfortunately some of the tests studied here contradict

that rating process assumption (e.g. Reading/Grade 11).
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CONCLUSIONS

There was little substantive difference in score information or
the s.e.’s of ability estimates due to type of rounding,
integer versus half-point, above the floors of three out of the
four tests studied.

In the fourth, Reading/Grade 11 test there was decidedly less
error (more precision) in the integer-rounded ability estimates
at the lower portion of the ability continuum (from a scale
score of 300 to approximately 425). This was true for both
pattern and number correct estimates.

Integer-rounded estimates generally produce slightly larger
predicted percent of maximum (test) scores, though not
throughout the entire ability range of all of the four test
studied. The expected larger positive differences or rounding
bias for number correct estimates were observed.

Within-subject differences between scale score estimates
derived using integer versus half-point scores were generally
small for both pattern and number correct ability estimates.
Several differences between approximately 29 and 36 scale score
points for pattern ability estimates and between 50 and 60
points for number correct ability estimates were observed,
however. Differences this large were approximately one half
and one standard deviation of the respective sample standard
deviations.

For those students scoring higher with half-point-rounded

scores, a very small number had within-subject differences in
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integer-rounded versus half-point rounded pattern or number
correct ability estimates that were as large as one standard

error in magnitude. None were as large as two s.e.’s.

22

24




References

Burket, G.R. (1991; 1995). PARDUX. Monterey, CA: CTB/McGraw-Hill.

Fitzpatrick, A.R. (1990). Status report on the results of
preliminary analyses of dichotomous and multi-level items using
the PARMATE (PARDUX) program. Unpublished manuscript.

Fitzpatrick, A.R., Link, V.B., Yen, W.M., Burket, G.R., Ito, K.,
& Sykes, R.C. (1996). Scaling performance assessments: A
comparison of one-parameter and two-parameter partial credit
models. Journal of Educational Measurement, 33, 291-314.

Lord, F.L. (1980). Applications of item response theory to
practical testing problems. Hillsdale, NJ: Lawrence Erlbaum
associates.

Masters, G.N. (1982). A Rasch model for partial credit scoring.
Psychometrika, 47, 149-174.

Muraki, E. (1992). A generalized partial credit model:
Applicationof an EM algorithm. Applied Psychological
Measurement, 16, 159-176.

Thissen, D. (1986). MULTILOG: Multiple categorical item analysis
and test scoring, Version 5. Mooresville, IN: Scientific
Software.

Yen, W.M. (1981). Using simulation results to choose a latent
trait model. Applied Psychological Measurement, 5, 245-262.

23

25



3¢

‘9109 WNWIXEW 8y} AQ papialp 81008 abeiaae se paindwos sway asuodsal pajonsisuod 1oj anjea-d 2

‘(21005 wnwixew o sbejusolad) 8100s wnuwixew Aq papiAp uesly |

10 o¥o lco 8€'0 16°0 VAR 14 W2 Ge eLel 9e'9¢ 1863)|
L¥SL

vLo ov'o (XA 8€0 160 6e'S 689 Ge L0°€EL (474 s€ [zl sz 09 julod-jleH

G opeI9/yiely
€10 sv'0 610 160 160 SL'G €99 1S €8°¢CL LLLE Jebayu|
8021 12l 1o
ZLo S¥0 6L°0 160 060 196 619 0S vLCl 190¢ ve o jiod-jeH
I epeIo/(EN

o ¥'0 91’0 , 160 060 €Ly yA A GG SvLL 66°C¢E : Jsbaju)
€621

ZLo 34 910 160 060 14 4 189 2] €L ocee o¢ [s4] 08 0s julod-jleH

11 apel9/adualog
Lo ro 910 650 980 €0’} 6.0 LS 8C°L €L [ Jabaju|
€]l 8¢
L0 o 910 660 980 4981 €6°0 990 LS [4AVA 0912 8 9% julod-jleH
I} ope1g/buipeay
S uesiy ps uespyy 9 N ps 3103S ,8103S Ps 31005 swa)l [O]jelo]  sway buipunoy jo adAl
ueBSN  xep Jo % lelol IO WOoN  SJUIod#  p8lIodg
ues|y sid o, jo#
uole|auod Nos_m>.m 10
1s8] - way|

sonsiels aanduosaq
| aiqeL

Aruitoxt provided by Eic:

E\.



6¢

JIAYTIVAY 4409 1S39

8¢

Juiodjiey usslied = Hd

(60°19) 66'G8%

(Z1'09) 65 ¥6¢

(1119) 2998

(2209) L1'g8Y

(2v°'09) 09'v6+

(90°'19) 98°98%

) zeesy
(61°v9) Lz'88Y

1abajul wiajed

Juiodjley wayed

1pG'l 802" g62'l 19€') N [B10L
N - (s.'p's) sueajy 31008 9|€0S

:.. 8L st'e T osr . oLt Ps

280 10°0- 1A' S0°0 aoualayiq ues s dwes
I 291 s€ | 2901 [s01 [(%0) € 5
o vzl | 0L | v9s | g€ |(%L)il sLvl oL | _ses | ov [(wbzr T ) £
i zzvL| ook | zzv | oz [(ehe  |lzvsy| sz | sve | st (0w | | | 52
911 69 | 219 | 09 [%0)€ gLeL| s8 | zov | oz |k vy ll€zsi| 0€z | 29% | S0 |(%9)z8 i ) z
821|001 | 89y | 0€ [(%e) 1y [90%L | G6z [ 22€ [ 00 |(%62 _ |0L9L|SSE | soe | Si- |(ksVzeL || | | P P ¥
91'cL| o€l | 68€ | 02 |Gebb) bZL ||Z6wL | 091 | 19 | 0Z- |(%91) 261 |06GL[ S8l | evo | 0% |w@doe | [ | N [
161 | S€2 | 02T | 00_|(%€€) 205 _[Ov'Sl| 0€z | wv0 | G2 |(%82)OvE ||S99L | STl | 18- | §9 |(%ezizee |zeoz | o0sz | 8L | 50 | (%s2)9ee $0
501Z| 59 | evo- | 06 [(%om 619 |10z | Sle | 8zh- | S0z |(%9e)oer |[zeez | sez | eie- |s6l- [(w22)sve |lszoz| ov | ss0- | o6 |(%S2) g0 | 0
€51 | S0 | 85z g6z [%izzL |foser| 00 [ e |0z [we)or (2991 | 06 | 90L& [sui-[(wbe || o . ) . 0
os€L| 01 | 1er | 0ve- [(%2) ve zzsL| sz- | szs- |oo0e- |(%e) Le vLGL| 68 | 66 [szi-|wz || | ) o | b
SLiL| sz |9t | ov [(%0) ¥ sveL| 0 | vos- | 0L [V 1L N 1T ) g
- 15EL| S | 6zL |S01- (b2 R 1 z
. 00zL | 08 | oog | 08 [(%0) 1 [ R IO A I I T B+ A ]
R 008l [0Zk- | 00Zk- |02k [(%0) + N . i . £
(Hd) (%) N (Hd) BCATV )] (%) N (Hd) (%) N
55 : oS N s ‘s (tey - 10Beuy)
uespy | xew | ueapy .| uw ueapy | xew | ueapy UIN ueap | xew | uespy uin ueajy | xew ueap uiN 81008 YO 1€J0) Ul oudAYIA

(iey - 18631 ey - 1abajui) (ey - 18bayjuy) (ey - 12bsyu)
saoualaglq soouaseyq saoualaglg saoualayiq
GepeiD/ e . . . L} 9pEID/aouang 1} apero/buipeay

41 OPRIOMIBN, S

-Bunoog wsyed

Buipunoy jJo ad£) 0} anp 81008 YO [BI01 Ul Saouasayl AQ $8I00S 8|BOS Ul 3oUaIBYIA

calqel

Aruitoxt provided by Eic:

E\.



1€

FRVIIVAY AdCJ Ls5k

0¢

julod-jley Jagqwnp = HN

L _(ov'09) 9298y (e€19) L0'v6Y (ge'19lesogy i . {1zeg)ezesy Jabayul 1991100 JaquinN
. (oeogdovsgy f (eedovesy | {80719} 28'98¥ (zz'vo) 1188y iuiod-jley 1091100 JoqunN
s’ 802’ £62'1 198" N fejoL
S - (s,p's) suea|y 200G 9jedg
69 98°L T ses ] 19 E
oe’l 190 SE0- 610 aoualayg uea|y sjdwes
] L eesL| 62 | 00'LL | 6 [(%0)€ St
U R sesr| 4 | zzw | o [Gar o lossi| 0z | 00Z | v |(kV)ek e
R os8l | 8l | e8oL | L= _[(%l)6 Lsv| ez | s |6 [(ke) by |l 52
19€k| or |00z | € |(k00e  |lozer| 6t | z8s | v |wWwy  [ogor| ee | €62 | oi- [(%k9dee | z
gevt [ St | er | €l [%e) iy evir | 96 | v | 6 [Gerder  |[zezr| 05 | soz [ e [(wsi)zsl T Sl
zzst| 9 | woe | o @)z |lovzr | ve | s | zz- [(wsv)zer |[v2Lb | ov | Ms0- | sz [(kr2) 0Lz ) i I L
598l | 8t | svz | ee- |(wee)z0s |[6s6L | 2t | 20 | 41 |(%s2)ove |lezer | 9v | z9Zz- | ee- |(%ge)zee (josez| 1€ | w0 b llwszdeee | so
gvsz | cc | ogb | ie- [(%0v)els  [|€00e | £1 | ze'b | 92- |(%9e)oer |[oe'ge | €z | s8'0- | ov- |(%iz)sve |6z6z| L€ | 10 | w2 |(ksuisor | 0
699k | v | see | 9z [|(ktWdzzl [eozt| o | see | €5- [(%eloy  [lesSi| v | we | s lwhe || | [ i 50
vssh | 2 | 99e | e [(w2) v evel | v | eo0b- | 66 [®elze  flvier [ s |ever | ez (w2 | i 1
osel | v |ooe | 4 [(%0)¥ vo9L | s- |00k | zz [(%h) 1 R R e D T S'i- o
I LS9 [ s | e | ek (%)L N R P e . z
L 00zl [ 81~ | 008l | si- [(%0) 1 I I I e . §2
B 006l | e [o0ke | e [(%0) 1 O N ) ) 1 €
(Hd) (%N - | (Hd) (%N || {Hd) (%) N e
EX] : EX] EX] (srey - sobayuy)
uesiy uesiy uea B a100S
xe | uesy | umw ; xep | uesy | um xew | uesw U 4D fejo) ul souRisyld
(tey - 18bayuy) ey - sobajuy) (Jiey - Jobayur) . R
saoualayIq” : saoualayIg saouasaylg
G BPRID/EINT <11 8pei9yaousns = 11 epei9/buipeay -

BulIo9S 1001107 JaguinN

Buipunoy jo adA] 03 anp 81008 ¥ {BJO] Ul SaouaIayiq Aq S8100S 9jeDS Ul 3oUaIBYPIQ

¢ alqel

Aruitoxt provided by Eic:

E\.



Figure 1
Reading/Grade 11

Number (#) correct: Haif-point round
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Integer Half-Point
# Correct Pattemn # Correct Pattemn
Scale  Predicted Predicted Predicted Predicted
Score PM s.e. PM s.e. PM 5.6. PM s.6.
300 194 212 20.1 132 18.1 336 20.0 201
325 203 137 208 95 189 216 20.7 142
350 21.7 88 219 67 202 138 218 99
375 239 57 239 46 224 87 238 69
400 27.7 36 271.7 31 259 53 275 45
425 337 25 343 21 s 32 340 27
450 421 20 44.1 17 394 2 47 18
475 519 19 551 17 48.7 19 545 16
500 61.4 20 65.2 18 58.0 19 64.5 16
525 701 21 73.7 19 €6.7 20 73.0 17
550 778 22 81.1 21 748 22 80.4 19
575 84.4 25 87.3 23 82.1 25 86.8 20
600 89.5 29 92.0 26 879 29 91.7 24
625 93.0 36 95.2 33 91.9 37 95.0 30
650 95.3 46 97.1 42 945 48 96.9 40
675 96.8 60 98.2 55 96.1 62 98.0 53
700 97.7 76 98.8 70 97.1 79 98.7 69
PM = Percentage of Max Score
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Figure 2
Science/Grade 11

uofieunoju)

Number (#) correct: Hatf-point round
[ =
]
€ .
2
g
a
T
u
“”
e
wi
TR
i
RE
. 44
[ ¥
- Y
- €
£E._5%
a o 2 a
o O S %
= o c w©
© £ -~
L £ .. =
. 5 b
£E £ 9 0
e © & L
£ 8 8
‘P- Q. 3 %
|3°0 0 400 T T T < 500 T T 00 T
integer Half-Point
# Correct Pattem # Correct Pattem
Scale  Predicted Predicted Predicted Predicted
Score PM 5.0. PM $.0. PM s.e. PM $.0.
300 17.5 129 18.9 77 137 112 183 73
325 186 85 19.8 56 147 76 193 85 -
350 204 57 214 41 16.3 52 20.7 41
375 230 40 238 K1 18.7 37 230 32
400 270 29 27.5 24 222 28 265 25
425 326 2 328 19 273 2 315 20
450 40.0 18 40.1 16 34.2 18 384 17
475 49.0 16 49.3 15 431 16 472 15
500 . 59.2 15 59.8 14 535 15 576 14
525 69.2 15 70.4 14 64.2 15 68.2 14
5§50 779 16 79.7 15 740 16 77 15
5§75 847 19 86.7 18 81.5 19 85.1 17
600 89.6 23 91.5 22 87.3 23 90.3 21
625 929 29 94.5 27 M3 28 936 26
650 95.2 36 96.5 34 94.0 34 958 32
675 96.8 44 97.7 42 95.8 42 97.2 39
700 97.8 55 98.5 53 971 51 98.1 48
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Figure 3
Math/Grade 11

Number (#) comect: Half-point round
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300 1562 208 17.8 108 116 200 18.0 113
325 159 129 183 77 12.2 128 185 82
350 17.0 81 193 s3 13.1 82 19.4 57
375 188 52 209 37 145 54 210 40
400 215 36 236 28 168 37 236 29
425 256 26 277 22 20.1 28 276 23
450 33 20 336 18 249 2 33.2 18
475 39.2 16 419 14 319 18 413 15
500 496 13 53.0 12 418 15 52.1 12
525 62.0 13 65.6 12 54.9 14 646 12
550 74.4 14 77.4 12 69.2 15 76.6 12
575 846 16 86.7 14 816 17 86.3 14
600 915 20 930 18 90.0 23 929 17
625 953 29 96.5 26 84,5 32 96.4 25
650 973 42 98.2 37 96.8 46 98.1 37
675 983 59 99.0 53 97.9 64 98.9 53
700 98.9 82 99.4 73 98.5 85 99.3 72
]: lC PM = Percentage of Max Score
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Figure 4
Math/Grade 5

Proportion

Number (#) correct: Half-point round

300 - ML)
<
—
£ ©0©
-
o ot .
S SEE
< £ 8 ¥ g
O o
EEERE 3
£ = 8 8 -3
T @ 9 O ©
a Qo #% 3% s

Integer Half-Point
# Comrect Pattem # Cormrect Pattem
Scale  Predicted Predicted Predicted Predicted
Score PM [ X} PM s.e. PM §.e. PM s.e.
300 79 128 77 77 6.1 116 76 79
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475 27.4 17 26.2 15 246 17 26.1 15
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525 456 13 45.7 12 436 13 459 1
550 6.7 12 58.0 1 §56 13 58.4 1
575 67.3 13 69.7 12 66.9 14 70.1 12
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